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Abstract
We report the first measurement of the branching fraction for the inclusive decay B → Xsℓ
+ℓ−,
where ℓ is either an electron or a muon and Xs is a hadronic recoil system that contains an s-quark.
We analyzed a data sample of 65.4 × 106 B meson pairs collected with the Belle detector at the
KEKB e+e− asymmetric-energy collider. We find B(B → Xsℓ
+ℓ−) = (6.1 ± 1.4(stat)+1.4−1.1(syst))×
10−6 for dilepton masses greater than 0.2 GeV/c2.
PACS numbers: 13.20.He, 14.65.Fy, 14.40.Nd
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The first observation of the flavor-changing-neutral-current (FCNC) weak decay process
B → Kℓ+ℓ−, recently reported by Belle [1], opens a new window for searches for physics
beyond the Standard Model (SM) [2]. There are no SM first-order weak decay processes that
can produce such decays; the dominant SM processes are second-order b-quark to s-quark
processes with a virtual t-quark in a loop (electroweak penguin) or a box diagram. Non-SM
processes could produce sizable modifications to the decay amplitude due to contributions
from virtual non-SM particles (such as charged Higgs or SUSY particles) in the loop.
The decay amplitude is often described by an effective Hamiltonian in which non-SM
contributions can modify the Wilson coefficients C7, C9 and C10. The magnitude of allowable
modifications of C7 is constrained by the measured rate for inclusive B → Xsγ decays
[3, 4, 5]. The Belle measurement of the exclusive process B → Kℓ+ℓ− has been used to
determine the best limits on non-SM contributions to C9 and C10 [6]. The usefulness of
exclusive measurements is limited by the large theoretical uncertainties associated with the
s-quark to K meson hadronization process. Since these uncertainties are not as severe for
inclusive processes, measurements of the branching fraction and the dilepton and hadronic
mass spectra for B → Xsℓ
+ℓ− will provide more stringent and less model-dependent probes
for new physics. This process has not been measured; CLEO has reported a 90% confidence
upper limit of B(B → Xsℓ
+ℓ−) < 4.2× 10−5 [7].
In this Letter, we present the results of a measurement of the branching fraction for the
inclusive decay B → Xsℓ
+ℓ−, where B is either B0 or B+, ℓ is either an electron or a muon,
and Xs is a hadronic recoil system that contains an s-quark. Here and throughout the paper,
the inclusion of charge conjugated modes is implied. We use a data sample collected at the
Υ(4S) resonance with the Belle detector at the KEKB e+e− asymmetric-energy collider (3.5
GeV on 8 GeV) [8]. This sample contains (65.4± 0.5)× 106 B meson pairs, corresponding
to an integrated luminosity of 60 fb−1.
The Belle detector is a large-solid-angle magnetic spectrometer that consists of a three-
layer silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of
aerogel threshold Cˇerenkov counters (ACC), time-of-flight scintillation counters (TOF), and
an electromagnetic calorimeter comprised of CsI(Tl) crystals (ECL) located inside a super-
conducting solenoid coil that provides a 1.5 T magnetic field. An iron flux-return located
outside of the coil is instrumented with resistive plate counters to identify muons (KLM).
The detector is described in detail elsewhere [9].
We reconstruct charged particle trajectories with the CDC and SVD. Electron identifica-
tion is based on the position and shower shape of the cluster in the ECL, ratio of the cluster
energy to the track momentum (E/p), specific energy-loss measurement (dE/dx) with the
CDC and the response from the ACC. Muon identification is based on the hit positions
and the depth of penetration into the ECL and KLM. We require the electron’s (muon’s)
laboratory momentum to be greater than 0.5 GeV/c (1 GeV/c). We find an electron (muon)
selection efficiency of 92.5% (91.3%) with a (0.2 ± 0.06)% ((1.4 ± 0.04)%) pion to electron
(muon) mis-identification probability. Charged kaon candidates are selected by using in-
formation from the ACC, TOF and dE/dx in the CDC. The kaon selection efficiency is
90% with a pion to kaon mis-identification probability of 6%. The remaining charged tracks
are assumed to be pions. We select K0S → π
+π− candidates with invariant mass within
15 MeV/c2 of the K0 mass. We impose additional K0S selection criteria based on the dis-
tance and the direction of the K0S vertex and the impact parameters of daughter tracks. We
require the charged tracks other than those used in the K0S reconstruction to have impact
parameters with respect to the nominal interaction point of less than 0.5 cm in the radial
4
direction and 3 cm along the beam direction.
We reconstruct photons from ECL energy clusters that have no associated charged tracks.
The shower shape is required to be consistent with an electromagnetic cluster and the energy
to be greater than 50 MeV. We reconstruct π0 → γγ candidates from photon pairs with
invariant mass within 10 MeV/c2 of the nominal π0 mass.
The Xs system is reconstructed in 18 different combinations of either a K
+ or K0S com-
bined with 0 to 4 pions, of which up to one π0 is allowed. We combine the Xs with two
oppositely charged leptons to form a B candidate. We identify the B → Xsℓ
+ℓ− signal
with the beam-energy constrained mass, Mbc =
√
(ECMbeam/c
2)2 − (pCMB /c)
2, where ECMbeam and
pCMB are the beam energy and the B candidate momentum calculated in the center-of-mass
(CM) system, respectively. We find the average Mbc resolution is σbc = 2.8 MeV/c
2. The
energy difference ∆E = ECMB − E
CM
beam, where E
CM
B is the CM energy of the B candidate, is
combined with other variables to provide background suppression.
To optimize the selection criteria and to determine their signal efficiencies, we use the
following signal model. The SM calculation of Ref. [6] is used for the dilepton mass (Mℓ+ℓ−)
spectrum. We require Mℓ+ℓ− to be greater than 0.2 GeV/c
2 to remove the virtual photon
contribution, b→ sγ∗ → se+e− [10]. We model the recoil mass (MXs) spectrum using a non-
resonant Fermi motion model [11] and the JETSET hadronization program [12]. ForMXs <
1.1 GeV/c2, however, the spectrum is modeled by the sum of the exclusive B → K(∗)ℓ+ℓ−
components as predicted by the SM [13]. Using this model we find that our reconstructed
final states account for 81% of the total Xs states. Figures 1(a) and (b) show the Mℓ+ℓ− and
MXs spectra from this model.
There are two background sources that can peak in Mbc and ∆E. The first is hadronic B
decays into one kaon plus multiple pions (B → Xsπ
+π−) from abundant decays such as B →
D(∗)nπ (n ≥ 1). We estimate this background contribution by reconstructing B → Xsπ
+π−
events without the lepton identification criteria and multiplying by the measured momentum
dependent pion mis-identification probability. We find contributions of 2.6 ± 0.2 events to
the B → Xsµ
+µ− signal and 0.1 ± 0.05 events to B → Xse
+e−. We refer to this as the
fake background, and subtract it from the signal yield. The second is from B → J/ψXs and
B → ψ′Xs where J/ψ and ψ
′ decay into dileptons. These decay modes have the same final
states and, in principle, interfere with the signal. For this study, these charmonium decays
are explicitly vetoed. The veto windows are −0.6 to +0.2 GeV/c2 (−0.35 to +0.2 GeV/c2)
around the J/ψ mass for the e+e− (µ+µ−) channel, and −0.3 to +0.15 GeV/c2 around the
ψ′ mass for both channels. We find the background from this source is negligibly small using
a B → J/ψXs Monte Carlo (MC) sample in which the Mℓ+ℓ− spectrum reproduces that of
data.
The largest background sources are random combinations of dileptons with a kaon and
pions that originate from continuum qq¯ (q = u, d, s, c) production or from semileptonic B
decays. We reject 83% of the qq¯ background with a signal efficiency of 90% by using a
Fisher discriminant [14] (Fcont) based on a modified set of Fox-Wolfram moments [15] that
differentiate the event topology. In the semileptonic B decay background, both B mesons
decay into leptons or two leptons are produced from the b → c → s, d decay chain. We
combine the missing mass (Mmiss) and the total visible energy (Evis) [16] into another Fisher
discriminant (Fsl) to reject 85% of events with two neutrinos with a signal efficiency of 91%.
We further reduce the backgrounds using ∆E and the cosine of the B flight direction
(cos θB) with respect to the e
− beam direction in the CM frame. First, we select events
with |∆E| < 40 MeV (∼ 3σ∆E). We then calculate likelihoods LS,B = p
∆E
S,B × p
cosB
S,B , where
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p∆ES,B and p
cosB
S,B are the uncorrelated probability density functions (PDF) for ∆E and cos θB
for the signal (S) and the background (B), respectively, and form a likelihood ratio LR =
LS/(LS + LB). We model p
∆E
S with a Gaussian primarily determined from a signal MC
sample and calibrated using B → J/ψXs data; p
∆E
B is modeled with a linear function with
a slope determined from a MC sample that contains b→ c decays and qq¯ events. The signal
follows a 1− cos2 θB distribution, while the background distributes uniformly in cos θB . By
requiring LR > 0.8, we retain 75% of the signal while removing 80% of backgrounds.
For events with multiple candidates that pass the selection criteria, we choose the combi-
nation with the largest value of LR. We find that the correct candidate is reconstructed in
73% of the events. We reject candidates with Xs invariant mass greater than 2.1 GeV/c
2.
This condition removes a large fraction of combinatorial background while retaining (93±5)%
of the signal.
Signal MC samples are used to determine reconstruction efficiencies of (3.7 ±0.4 ±0.5)%,
where the first error is systematic and the second error is due to the model uncertainty.
Here, an equal production rate is assumed for B0B0 and B+B−. Systematic errors include
uncertainties from the tracking efficiency (2.0% per track), K0S reconstruction efficiency
(8.7% per K0S), π
0 reconstruction efficiency (6.8% per π0), electron identification (1.8%
per electron), muon identification (2.2% per muon), K+ identification (2.5% per K+), π+
identification (0.8% per π+), and the background suppression criteria (3.0% for Fcont, Fsl
and LR, combined, estimated using B → J/ψXs data).
The model uncertainty includes the following sources. The largest error is due to un-
certainties in the SM branching fraction of the exclusive modes (11%). The uncertainty
in the MXs spectrum (4%) is due to the Fermi momentum (pF ) and spectator quark mass
(mq) parameters. We take pF = 0.4 GeV/c and mq = 0 GeV/c
2, and vary the parameters
over a range allowed by the measured heavy quark effective theory (HQET) parameters λ1
and Λ [4, 17]. The uncertainty in the fraction of the unmeasured modes (2.1%) and the
uncertainty due to the fractions of π0 and K0S contained in Xs (4.6%) are estimated by
comparing the inclusive hadron (π0, K0S, η, φ, etc.) production rates between continuum
data and JETSET.
We determine the signal yield from an unbinned maximum likelihood fit to the Mbc
distribution as shown in Fig. 2. We model the signal with a Gaussian function and the
background with a threshold function [18]. The width of the signal Gaussian is obtained
from B → J/ψXs data. The background shape is obtained from the background MC
sample. We verify that the threshold function obtained from MC reproduces the shape of
data for B → Xseµ combinations (Fig. 2(d)). The fit results are given in Table I; we find
60.1 ± 13.9(stat)+8.6−5.4(syst) events for the combined B → Xsℓ
+ℓ− modes (Fig. 2(c)) with a
statistical significance of 5.4σ. Here, the systematic error is obtained from the maximum
deviation when the background and signal shapes are varied by one standard deviation of the
statistical error in their shape parameters. The significance is defined as
√
−2 ln(L0/Lmax),
where Lmax is the maximum likelihood and L0 is the maximum likelihood when the signal
yield is constrained to be zero. The fake background and the uncertainty in the background
shape are included in the significance calculation. We calculate the branching fraction for
Mℓ+ℓ− > 0.2 GeV/c
2 to be
B(B → Xsℓ
+ℓ−) = (6.1 ± 1.4(stat) +1.4−1.1(syst))× 10
−6,
where the systematic errors in the yield, efficiency, the number of B meson pairs and the
model errors are added in quadrature to give the total systematic error. This can be com-
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pared to the SM expectation B(B → Xsℓ
+ℓ−) = (4.2± 0.7)× 10−6 [10]. Table I summarizes
the branching fractions for B → Xse
+e− and B → Xsµ
+µ− separately, together with the
number of candidates, signal yields, fake background estimations, efficiencies and the statis-
tical significances.
The dilepton mass spectrum is measured by dividing the data into Mℓ+ℓ− bins. For each
bin, the signal yield is extracted from a fit to the Mbc distribution and the fake background
contribution is subtracted. The result is shown in Fig. 1(c). Similarly, the recoil mass
spectrum is obtained by dividing the data into MXs bins and extracting the signal yield for
each bin. The result is shown in Fig. 1(d). With the current statistics, the Mℓ+ℓ− and MXs
spectra are in agreement with SM expectations. Branching fractions for each bin are given
in Table II.
In summary, we present the first measurement of the inclusive branching fraction for
the electroweak penguin decay B → Xsℓ
+ℓ−. The results are in agreement with the SM
expectations and can be used to constrain extensions of the SM.
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B → Xse
+e− 96 25.5 ± 11.2+4.8−3.8 0.1± 0.05 3.9 ± 0.4 ± 0.5 3.4 5.0 ± 2.3
+1.3
−1.1
B → Xsµ
+µ− 92 37.3 ± 9.7+7.2−3.8 2.6 ± 0.2 3.6 ± 0.4 ± 0.5 4.7 7.9 ± 2.1
+2.1
−1.5
B → Xsℓ
+ℓ− 188 60.1 ± 13.9+8.6−5.4 2.7 ± 0.2 3.7 ± 0.4 ± 0.5 5.4 6.1 ± 1.4
+1.4
−1.1
TABLE II: Branching fractions (B) for each bin of Mℓ+ℓ− and MXs . The first and second errors
are statistical and systematic, respectively.
Mℓ+ℓ− B(×10
−7) MXs B(×10
−7)
(GeV/c2) (GeV/c2)
[0.2, 1.0] 9.3± 7.4+1.7−1.3 [0.4, 0.6] 4.9± 1.4
+1.0
−0.8
[1.0, 2.0] 11.2 ± 6.6+2.7−2.3 [0.6, 0.8] −0.6± 1.0
+0.8
−0.5
[2.0, MJ/ψ] 18.7 ± 7.6
+4.5
−3.7 [0.8, 1.0] 5.2± 3.4
+1.2
−1.0
[MJ/ψ, Mψ′ ] 10.3 ± 3.7
+2.5
−2.1 [1.0, 1.6] 26.8± 9.5
+5.7
−4.6
[Mψ′ , 5.0] 11.1 ± 5.4
+2.8
−2.2 [1.6, 2.1] 26.8 ± 13.8
+6.0
−4.4
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FIG. 1: SM expectations for the (a) dilepton and (b) recoil mass spectra; the observed (c) dilepton
and (d) recoil mass spectra (circles). Inner and outer error bars indicate the statistical and total
errors, respectively. The histograms in (c), (d) show the SM expectations after all the selections
are applied; histograms are normalized to the expected branching fractions. The gaps in (c) are
due to the J/ψ, ψ′ vetoes. The dotted line in (d) indicates the MXs < 2.1 GeV/c
2 requirement.
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